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~hia report t toxicity ot ooyanio aoid 
pa OD ftriOU8 &J'IiU!l\1 8 for T yi ort lengtha ot oaure. The 
mode ot aoUon, to , t o1o re"fin ot Bri t1 an 
German toxicity r 1 are &lao briefly diaousae • 

• 
HOOnd osure ot 0 1.49 1 

b. .. .. " ll 0. 67 .. 
o. .. •• n .. o.~ " 
d. .. .. " " 0.20 u 

a. ~ aecond. oaure ot nkeya 1.68 mg/1 
b. 60 • " " .. 0.77 .. 
o. 180 • .. .. .. o. " 

• 4.50 .. .. " • 0.30 • 
;. IU,QII 

• 30 aeoo%14. exposure ot miae 0 .77 /1 
b. 60 .. • .. .. 0.567 .. 
a. 1 .. .. .. .SG7 !! 
d. 4ta> !! .. " .. o.u2 " 
e. 600 .. '! • .. 0.190 " 

ia ~~-- ~i£111 
a. ~ aeaon4 oaa.re ot guiDe& piga 2.53 /1 
b. 60 .. .. " " .. 1.64 .. 
a. 1eo • • " • • 0.812 .. 
4. 4..!10 • .. .. .. • 0.35 .. 

il J-.biUa.. 
a. a) MOoD4 .-posure ot n.bbita 1.48 mg/1 
b. 60 .. • • .. 0.785 .. 
a. 180 • .. • .. 0.464. ~ 
4. 68) ~ .. .. .. 0.25 .. 



;t. I liTROWQTIO)d. 

centr t i on ot RC on o , 
tor the :toll n times of a 
aeoon s n 450 secondS . 

Hydrocy nic 
nize 

1 to det rmiue the lethal oon
miae, rabbi ta an g\Unea i 

0 eo onds, 60 secondS, 180 

s v lon been reco 
uiakl • For thi s reas 

gro t de 1 of work s 
............... ~n. s, briefed f"ro IZ:oy aour

o inion on cyanides and 

c 1 es ar toxic in ro ortion to 
the ilium cyanide nd sodium 

ore easily n ed than <Lr a~nio &oi they re 
usua 1 fed r injected intravenously in 1 boratory 
~s result of such experiments So 1 nn in hi 

¥ruarrrLI:I.colo SUIIIII&rize the act ion of HC 
ttijydrooy nio oid is .ro bl the most ra i otin 
reduces t h un er i l s to s, by hinderin t e oxi dative 

processes of the tis uas . It lao interfere• with most other fer-
ment t i nd. i therefore a ral rotoplasmic poison. Com-
pounds aont 1nin t he C die la are tone only i f t ey o n liber
ate RC T. Ferro-, terri-, nd sulphooya.nides are stable an there
fore do not show these effects . lben ven 1n doses amal l enough 
to pennit of tahin ita aati n, this is aeen to oonaiat in a 
tleetin •titiJulation ot certain parts of the oentr 1 nervous system, 
:tollowe by 4epressi on and paralyaia . ~ action begins i n the 
medulla. The vomit ing, respiratoey, WOS'ls, PllPil-dilfi\tor, and 
naamotor aenters are all atimalated. !hen oomea unoonaoiouu.eaa 

' and after thia convulsions. In an these are probably mainly, 
dull ry in or-igin. !hen :tollon paralyliis ot the whole oentral 

nervous 11stem. Involuntary evacuations o:t :teoes, urine, and aemen 
are :tre uent.• 
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f:tects 

1. Tho blood, 
haemoglobin. 0 an-haemo 
onl formed tt r aevor l 
The ll trac o forme o an 
puacles; int ot re cells 
unable to damonst 

oes not combine th t he 
n-oJcybaemo o in re 

urs osure nd i th difficult • 
onl~ be due t" l 

11 not t e u C • · e ve been 
o n in the blood of our ni ls, 

l unt diati l lin it, n it is 

OO OIDJ[?a.D 

cyanide 

t t is not sent in ny et ot-
t color of the blood in poisonin 

venous blood oont ins n ex.oesa 
n ot er words t he ti ues ve 

n f r om t e blood. The oxygen 
i s mor r dily d1ssoc1 te t in the nor 1 . 

iminut ·en of the 1 11 reserve hioh 
tion ot f ixed a.oi e.nd in 

n 
ali t excess ot tix.e 
been found both in the 
b 'I{C1;. 

here is an rly r i se of the 
central s timulat ion and. rtly 

ot aeoreti f ro the rarena.l 
aoo.n t oll owe by rked tall 

lso to irect otion ot C 
-~"ni of the r t beat du.e to 

of the l so contribute 
ssure . 

I n lo, oonoentr· tion oJani es do not ftect 
th t gre tly . t atron r aolutiona we ken-

force of contract ion& 1 en, lso n lternat ·on 
finally be rt- look simil~r to that seen in 

In injected &Di ls a simil r effect ia seen -
tir t a al in ot the b ta due in t • rly at gea to oentral 
n 1 atimcl ti &n in t r at . a o he r -bloc • 

•• doa 8 nether by inhal tion or 
inject i n o use quicker nd eo r r irationa. Later the 
respirat ion• become slower a.n l lower, nth rolonged uses 
(C:heyne-Stotc.a t ) • The above c n 1 are oauaed by a ri 
mary at1mlation follow y later }J&ralyaia of the respira-
tory center. th lar oaea the immediate o uae of death 1a 
this r espiratory paralysia a the he t conti:nuea to b t after 
reapir&tiona haTe oeaae • The a is not i rritant to the lungs 
and the ·bove effects on the respiration occur n Tagotomized dogs . 
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muso l e, 
to c se . 
stripe 

6. UertOBI l¥1teae 
atimul te and then de ~ 

:f'fecte leaa 
medulla oblongat 

Cyanides have 

on the respiratory center is ........... A-0! ..... 

the whole central nervoua a at 
TUlaiona are due to a ir ct 
centers, t 1 ter ones re 

1 f ir t 
re 

oon
r 

ve a marked 
inhibiting au.ch 
peroxide, the 
ats nd plants 

&;reUo:n, A o rt in amount i excreted b e lun s. 
inder is excret s aul oc ni es tter be in · bound in 
to sulphur oout inin- molecules . 

l. To the HC 1naot1T ting the o~gen. 

tissues 
T e 

of an 

o n-

2. To an eftec t on t he intra.cellul r ensymes gener lly. 
3. Xo at pro bl o:f' 1, to chealioal action on some part of 

the oxi se syat rob bly the utoxidisable aubst noes. 
These contain n oy.;; no en ia excreted s aul ocya.na.tea. 

le the ne l t e c is to 
of t he cyani ea to their action on the OJti 
1 te i.Dhibition of the re irato:ey center b 

:f'fect the on tive prooessea in other or au 
aci y have apeoific action on thia center . 

e f fect 
es, the e -
do :not greatly 

'"'e ts th t cydrooy nic 

Lethal !lose, This ia UIIQ& ly given as 0. 05 grwn of absolute HC for 
maa. The lethal doae by reapiration is usually belieTed to be las 
than the above and our figures confirm this new. 
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~ e fi 
the l te follow. 
bein consider& unneces 

Lt .Colone 

1ned b the 
s r ferred to 

r itish observers dUl•ing 
re not included this 

• • 

osea of .c. to animals,etc. 
yet inoo lete. They 

ex r s nee s ry to o use 
t ooncentr tiona, when the r gin between 

10-l -17. 

Ch:Y 0 

do , o ts, 
t bul form and so s 

Orclipa.te lett a1c1o. 

(Si ed) J. Barorott. 

0 T 

• 

the let l dose of A.c. for monkeys, goats, 
r sp otiv l • The re&\lt are ve in 
hs , the ke to io is s ollows:-

conaent t i on 1n volume of ir w. oh contains 
one vol e of the s. 

" right tide. ditto in • per litre. 
J.biQitM tir..-. in miuutea tor ioh tbe an 1 a e oaed to the gp. • 

ODe of thete f1gurea beyond ODe hour . 

• ~imal died subsequently . ) 
o : AJ:ti mal aurTi ved. ) orton a;periment. 
T = (C&ta) .t.n1JD8ll 41ed. 1zl Prot. Cualmey' • e nta . 
H = ( bbita) .t.n1mala die4 in ~ o ' experiments. 

J. o f the ounea for the aix tpeoiea of a.ni.mal a enumerated 
bo ahowa a gr t difference in their auacept1b1lit1ea to .c. as 

re rdt:-

(i ) ~he time which lethal 4oaet take to act upon the ani 1. 
(11) The min1mal doq Whioh it lethal, howe,el" long the an1ual is 

expose to it. 



The most interestin feature of these, di 
betwe n the do , on the one ban , nd the 
4he des is t he st susoe tible of the ani ls 

s is t he co rison 
the other . 

t and the 
monke do not differ gr tl n re the le st susceptible . 
in size, tbe monke , in s eoies, re t e ni 
in the aeries . ther, therefore, on the r 
much stro r one of s eoies , there se to be 
a positi on th .... t for t l st three 
neoe ry for n s for , s imil 
time , r t · v l rould kill og. 

b~wuut se so ole r, 
t t excuse for avoidin · t 

d do • 

re so 
t e e osure s 
iven e~ osure in 

eois ion so i 
ot issue betwe n 

t, 

One ob erver on dog were , therefore, e osed si ultaneously , 
W1 thout protection, to n · t os er of 1/ 00 .c. , n the object of 
e nn- the rel tiv e fects of the s on e ch. T e experiment ran 
t e f ollowin course: 

zero . 

seconds . 
1 min. 1 see s . 
1 min . ro sec • 

l min . 31 see s . 

1 min . sees . 
5 minutes . 

10 nute • 

Bee unst 

----------------

out by l 

---------------
---------------

s in 

d . 

------------
nio con

b-

extrenli. s-- ------
C e out of c ber and 
put on r spir tor, havi · 
felt no symptoms. 

Sli t momentary feeli 
of naus • 

Attent i on diff i cult to 
concentrate in close 
conversat ion. 

Direct experiment , tbere!ore , l vea no doubt that the o"" is of 
quite higher or er of suaoe t1bi1ity to .A.c. t han is n . 

10-12--17. (Signed) Jos h Barcr oft . 

The observer menti ne · in this re ort a l!r . Baror ott . 

- 5-
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Dea.ths 
TABLfiS SHcrJING ;ota1 E;pofUl"e& OF ANIMALS 1n A,C, 

COlliElJTRATI ON 
'grm• :Vol. ot a ir: m 

per :containing : 
Litre :1 Vo1,ot AD: i' : 1'; 2'; ' . 5' 6' 10'; 15'; 20 ' ' i 60 ' 1 I 

: : : : ' ' 1.2 1,000 ' : 0/2 :1/2 : : 
o.e6 1,400 : • ·1/ • : . . . . . 
0.75 1,600 : : : : : 2/2: " : ' ' 

. . 
0, 6 : 2,000 ' ·0/ • . : 0/2 : 1/2: : :1/1: . . . 
0,40 . 3,000 ' : : 0/3: : : . 

0/2: : 0 .35 3,400 : ' 0.24 5,000 . :l/3: : ' . 
0,20 : 6,000 : : : :3/3: 
0 .18 6,600 :l/3: : : 
o 1 ~ 2 :~.o. ooo . ,oL8& • 

:Vol . of air: 

' cont ini ' :1 vola of .AB l' ; 2' : 3' a5' :6' :10 ' ;15'; 0' ;45 ' : 60 '; 120 I j 240 '; 

' ; : : : . : ; • 
.7 709 :l/1: : 

1.2 : 1,000 :3/4: . . . 
' . . . 

0.91 1,320 . :1/1: ' : : . 
o.e6 1,40 : :1/3: . : . : • • 

. 71 1, 700 . : 0/1: : : : : : . 
0. 67 : 1, 800 . : : ' :4/4: : . : ' . . 
0, 60 ,ooo ' ' ' ~~ ' ' : : 

. . 
0.48 : 2,500 ' .a,&' :3/4.: :3/4: ' ' ' ' ' 0.36 : 3,350 : ' ' ' :1/4:7/8: ' : : 
0,30 4,000 ' : ' ' ' ' :4/4: : . . 
0,24, ' 5,000 ' : : ' :0/4: : 3/4: :4/e, ' 0.18 ' 6.aoo : ' ' ' ' : : ' :0/4: 0/4 
0.12 ' 10.000 ' ' ' 

. I I I ; I ; ; . 
' 0/4 . . • • 

-6-



Deaths 
TABLBS SHMliG Total J;txposuroa or oowr,s in A•C• 

OOGS 

1' • I l i ': 2': a• ; 5': 10'; 15' :@' &3() ' ;45'; 0' • I 

' 
. : 1 ; . 

1.2 1 1,000 :0/2 : 2/2: .. . . . .. • • . 
0.60 ; 2,000 , : I :o 1 : : ' 0,40 3,000 : . I ' 

. ; . . 
' . . • • 

0.24 . 5, 00 : 0/3 :2/3 2/2 : ' 
. . . 

0.12 10,000 ' ' : :0/ ' ' 
. 

' 
. • . 

0,11 11, . 1/ 2: :2/2: : . . 
o.os 15,00 1 . . :0 /2: : 0/4: : . . 
o1o6 . ~Q . OOQ . 

' 
. 

' ioL9; I I I 

• grma 1 Vol. ot air: 
per , containing : 

Litre :1 yo1, otAC:P : 1': 2' a~·: 5': 7'; 10': 15'; 20 ': :30 ':45':60': 

1.2 
0.60 

. . . . 

: 

1, 000 
2,000 
3,000 
5,000 
6,600 

10,000 

. . 

. • 
: 

. . . : I • . 
:4/6: 4/6~ 
a1/6: : ~' 
' : :1 6; 
; ; ' ' . : • 

_,_ 

: 
: 

' : 
: 
: 

. . 

. • 

. . . . 
&3/12: . . 

' 

. . . ' 

;6/6 ; : ' 
: : ~/6: 
:4:/12:5/6:3 6; 



Doatha 
TABLE§ SHO\il G Total, lll;po area OJ 4lfi lvJAT.S ip A,Q 1 

goNC~nA~lQli 
J4'g:rma . Vol. of air: . 

per . conta ining . 
~Uu ;1 Jol .2:: ~ :i:! a 1' E'i 3' ' i'a 5' 17• 1 ~O'il5';E0';SO'ai5' 1 60'; 

~ 2/2 
. 0 

' . 0 

1 .2 1,000 :4/4 : : 
0, 66 1,400 :l/2 : 0 : . 

0 

0. 60 2, 000 : 3/4 4/4 : . • 
0.40 . 3, 000 : :l/2 . . • . 0 

0 . 35 3,400 : 3/ 4 : : . . . 
0 0 . 

o.u s , ooo : : . . : 3/7: :0/4 : ' ; 0 . 
0.18 6, 800 . : . . . : 2/4: . 0 • 0 

0.12 ;L .oQo ' 
. i i 01:1:. i t 

mas Da.tton's Exper iments 

o, 7 1,800 ' : 2/ 2 . 0 : : 7/8: 0 0 

0,48 • 2, 500 : :2/3: :5/9: :l/2: J . 
O.M 3, 00 :0/ 1: . I . :oft.: 0/3: . . 
o .~ . 4. 000 ;,o L~, ; oL;; i9l.Y 1L2, i i • 

-a-



~o~~JJ:~~;J;QI 
'grma ' Vol. ot air: 
per : containing . 

Litre : l Vol .of.AD ;-r : 1'· ?' ; § ' ; 5' . 7' • 10'; 1.5'; t ; 60'; I • • . . 
l.? 709 . . . l / l : . . . 
1.2 1, 00 :2/.3: I 3/3: . . . . 
0. 86 1,4-00 . :2/2: ' . 
0.71 1,700 :1 /2 : : ; ; 

0.60 2, 000 . 3/3: 3/3: • 
0.40 3, 000 0/2: . . : . . . . 
0.35 3,400 . . : : 4/4: 

3/3: :3/3: 
: . . 

0.24 5, 000 : :2/3: s/3: 
0. 20 ' 6, 000 . 

' l /2: l/2: : : . 
0.18 6, 800 . : . . /5: . 

;o/3; 0,12 i 10,000 . ; . . I . 0/4; I , • I 

Prot. Ouabney ' s Experiment a 

0 . 75 . 1,600 2/2: . 
' ; . : . . . 

0.60 2,000 l/2: ' ; 

0.44 , 700 . . 
' 

. 0/2: ' : ' . . . 
120 . 6, 000 ; i I ' 

. o~, I ' 
. i . 

' I I I I 

-9-



by 

out 

Gtrnpn figures , These wer 
• Jleubner in the Bi chem1 

• 

he the :tollo n 
1 

ose to t 
t 

aea this Ti 

e. 

n to ve 
the dog or 
nt oa.rried 

cu 1c metres o pacity a um 
a t re plaoe • conaent 
conti:nuou flow method checked 

s the o and mo 
were overoo 
unco~aoioua but br 

ine 7 minutes more, 

he results ere a fo l s: 

-lo-



a irat 1ndioa-:P1rat indio tion: Beg1nn1 
Specie• , tion of poiao,of aymptoma of : aer1oua 

Cat 

:Ding. :paralysis of :orip lin nt. 
a atuDctiona. afqnotion • 
: : 
:.Arter 4 min. , : tt r l tter 19 min. 
:y&Wn1 in i - :.Atter 8 min. the :conTUlaion , a improved re • 
:o tion of : 1 at redaheavier br tn- : tter 21 min . 
:uuae • tter:&Dd colla sed . :in aaawuption : apontaneous move-
:6 min.Tomit- : :of poaition on aments began a in. 
:1ng and coughr a i de . 
alpg. 
: 

: :tt 
:cho 
:tor 

: 
n . : tte r 

: ata:d 
: reelin • . : 
; . . 

' . . 
n. 

. . 

fter 0 min. 
oonvulai ns, 
heavy br th-
in aide 
polition • 

min. ~-: After 6 to 7 
an a.lli_ min. 

t 

: 
nan exes in 
a r at end 

' of 0 min. 

: 
:.After n . be-

nning of on
:t neous move nts . 

1 thre ani l r cover co 1 tely . In f'urtner experiment 
with a green lon t iled .conlte the resul ta corresponded to those abov • 

u.r,y oonoludea t t the o 
aimil r to th t ot the o t but le s t 

nd. monkey ve 
n the bbit 

resist noe power 
the amallor rodents . 

The HC a furnished by the 0 mio 1 Divi ion 
o:t .An sia by the Analytic 1 Department ot wood 

oont nt of 3p. 

The container• were lar l pound cy11n4ere and were Q,pt in the 
brine room of the i ce plant a t all t1 s . 

tn col 
The oltf bottle contaillin the le tor imzr.ed1 te use waa kept 

atora room ot the Toxioolo oa l La oratory when not in actual uae. 

- 11-



The li 
ole r at r bite 
o se o t the first 
pink in color. 

• .:r.: •• D. 

ei 

concentrat i on. 
chamber . 

Darin 
the I i r line 
sat titrate • 

3 
60 

180 
450 

the cylin er s a 
gr enisb color in the 

m,ples were a bright 

t e c:leaoription o! t continuous 
otost ts y e foun in re ort 15 
correc t ions a 

ovecl fTQc the met l cylin er an pl ace in an 
ith bubbl er s in erte 

ohe osure 
' at G by 

aeoon run 

" n 1 

" " 2 

" .. 5 

pr a ur um by rubber tubin • 
• li:ins bottles were used to 
ter to measure t he unt o! 

l!t bott le s oonneo a to the 
as tubing. 

~ e ol!f bot tle cont inin the 
fo r t he 60, 1 o, and. 4 second 

t it s unnecea ~ 
esi re4 concentration. Bl nka were 

the !.l.o ter that ve the desired 
t ed i th n anillll l in the 

o t an ani.rno.l lea were drawn :t:rom 
ns o! n spi:r tin bottle ncl the re-

liter lea wer t en • 
" •• • .. 
" !.! t' 

" !' " " 
I n this way the actual concent:ra.ti n that the ni 1 

s o lcul t ed. 
to 

ChecKS we imQlt 
e.ir mixture before enterin an4 

eoualy of concentr t iona o t the ~· 
1 telJ tter 1 vin · the o • In 

each case they were found to be t e 
ll aamplea were taken !rom the duct 

• 'l! re tter, t or convenience, 
before entering the cage . 

-12-



C. Method, ot Analysis. he awnpl e ot the air s mix:ture s 
absorbe i n ~ solution of so ium bio rbonate conta ine in two pettioo t 
bu blers . Twenty- five co ot this solut ion were sured in o oh bubbler. 

It s found t t oo of sodium bio rbonate solution was su f-
ioient to collect ll of t e s in the conoentr t i ons herein reo or e • 

The sample was washe f ro t e buublers into a beaker. Two oc 
of a 5, · ataroh indio t or and 10 cc of a 10'~ pot ssium iodide solution were 
added. The sample a then titrated ith /100 iodine olut i n until 
permanent blue color s r oheei. t e amount of iodine consumed the 
concentration in mdlli a per liter s obt ined . 

Calculation - co of io ine x N x .1 
number liter sample 

: md l li wne 
pel' liter 

The / 100 io ine elut ion w. s st nd.arized a i nst a standard 
/100 rsenio trioxi e solut ion c y before osin · the animals . The 

5 · ~t r c in io tor the 10,-o ote.ss ium iodide soluti ons wer e l ys 
tre shly re ed . 

@ubjec~s. here s a wi e vari tion in the type nd con-
used . :.chis no doubt d a dL•ect be;;;.rin on the r esults 

d a.n error that could not be void.e • 

nke a were not vail ble in suff icient number to deter.mine n 
accurate lethal oint . T e f igur s there tore on these ani 1 s can only 
be considere a a proximate . 

Ani ls use : Do 
L:onkeys 
Guine 

4 
10 
22 

20 
17 

l 

E. Selection of Leth@l Point. The lethal conoentr t i on is de
fined in te~ ot milligrama per liter of the sa• air mixture nd is t en 
as tlle minimum ooncentrat i n tlBt ill produce 60;;0 of deaths . As the de
layed deaths were due to ~drocyanic acid (no marked lesions being demon
strable at autopsy and tbe animals bein in a atuporous a.ralyzed condition 
up to the time of death) they are included among the tatalities. This is 
contrary to the usual practice with such e11ses s chlorine , pboagene, etc., 
where only 46 hour deatba are recorded, later deatba being due to an intel'
ourront infection of the d.allaged lung. 

ing to a shortage of monlte a, rabbits and gttinea pigs lethal 
poi nts ere selected ~· being b•tween certain points as seen in the fOllow-
ing tables. -lS. 



wmm W.IBW JUI4.il. IIIUJ.M.I.. 

50 SflgJ:,P ^o^J^t 

Tixe data from which the minintu; lethal concentration 
for 30 seconds was derived are tabulated herewith; 

Dog Collapse 
Kfiuaber in Seconds Conoeptration iSB suits 

1416 45 0.87 Booovered ) 
1415 60 0.92 Recovered 1 1/« 3* 

1414 45 0.96 Recovered ) AV «cone. 
1422 1.07 Iteo overed )  1.00 
1418 1.10 Recovered ) 
1424 35 1.11 Died 9 days ) 

1423 1.15 Recovered 
1425 45 1.15 Beeovered 2/5* 
1419 1.28 Died at expc sure Av.conc. 
1420 1.26 Died at exposure )  1.23 
1426 40 1.30 .sec overed 

1433 40 1.404 Died 3 days 
1442 40 1.45 itec overed 3/5* 
1443 36 1.52 Died at expo sure 1 Av.cono« 
1444 30 1.53 Beoovered 1.49 
1448 35 1.57 Died 3 da^s 

1447 1.64 Eooovered 
1449 35 1.65 Died 4 hrs. 3/5* 
1446 35 1.66 Died 3 days Av.0onc. 
1452 1.76 Beeovered 1.69 
1375-A 35 1.768 Died 4 days 

1359-A 35 1.782 Died 5 days 
1365-A 55 1.835 Beeovered 2/5* 
1451 42 1.85 Beeovered Av.conc. 
1458 37 1.93 Becovered 1.86 
1392-A 35 1.94 Died 5 days 

1456 25 2.03 Died at expo sure 
1454 30 2.06 Died at expo sure 4/4* 
1455 36 2.181 Died at exposure Av.ßonc. 
1411-^_ 26 2.314 Died at J&posure 2.15 
* The numerator Indicates the munber of deaths and denominator shows 
number of dogs used. 

The minimal lethel concentration for 30 seconds is placed at 1.49 
milligrams per liter. 

-14- 
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The data from v^ich tm minium lethal concentration for 
1 minute was derived are tabulated herewith: 

DOL' Collapse in 
Ihuober aaconds Concentration Hesult 

1463 0.53 Heoovered 
1413 55 0.53 iieoovered 

1417 50 0.65 Died 60 hours 
1421 53 0.67 Becovered 3/5» 
1403 95 0.66 Itecovered iiV.conc. 
isys 40 0.675 Died at exposure 0.670 
1410 45 0.675 Died 12 hours 

1408 45 0.69 Died at exposure 
1409 70 0.69 Recovered 4/5* 
1404 35 0.702 Died at exposure iiv.oonc. 
1412 45 0.71 Died 12 hours 0.70 
1402 47 0.71 Died 52 hours 

1400 40 0.715 Died at exposure 
1411 40 0.729 Becovered 3/5* 
1406 70 0.729 Heoovered Av.oonc. 
1401 55 0.742 Died at exposure 0.73 
139^ 55 0.742 D^ed at exposure 

1374 38 0.77 Died 12 hours 
1405 50 0.61 Died at exposure 3/5* 
1390 50 0.824 Died at exposure Av.conc. 
1375 55 0.824 Recovered 0.81 
1392 80 0.844 Bacoverod 

1394 50 0.844 Died at exposure 
1393 37 0.85 Died at exposure 6/6* 
1389 30 0.857 Died at exposure Av.conc. 
1391 33 0.664 Died at exposure 0.889 
1376 42 0.93 Died at exposure 
1377 43 0.99 Died at exposure l_ 
• The niouurator indioatee the number of deaths and denominator shows 
number of doge used* 

The niinimal lethal concentration for 60 eeconds is placed at 0.67 
milligrams per liter. 

-15- 
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The data from vdiich the minimum letJaal conoentration 
for 3 minutes was derived are tabulated herewith. 

Dog Collapse in 
l?umber seconds Conoentration 36suit 

1432 125 0.26 Itocovered 
1430 95 0.30Ö .Beoovered 0/4* 
1439 170 0.312 Becovered i Av.conc. 
1428** 90 0.33 Eeoovered 0.302 

1437 85 0.33 Died 42 hours 
1431 75 0.54 asoovered 3/5* 
1441 85 0.34 Eeoovered 1 Av.oonc. 
1438 120 0.34 Died 4 days 0.34 
1435 0.35 Died 46 hours 

1434 95 0.355 Beoovered 
1427 Sf/ 0.36 Died at exposure 4/5* 
1371 9ii 0.36 Died 84 hours Av.cono. 
1429 ei 0.37 Died 12 hours 0.376 
1385 55 0.439 Died 16 hours 

1370 70 0.47 Died 60 hours 
1383 0.487 Recovered 4/5* 
1384 60 0.493 Died at exposure Av.oonc. 
1366 60 0.493 Died 12 hours 0.487 
13Ö2 68 0.493 Died at exposure 

1381 72 0.493 Died 8 days 
1388 60 0.499 Died at exposure 5/5* 
1387 86 0.506 Died 36 hours Av.oonc. 
1373 60 0.52 Died at exposure ', 0.507 
1372 7? 0.52 Died at exoosure 
* The numerator indicates the number of deaths and denominator shows 
number of dogs used. 
••This dog died after 20 days, during which time his hind legs were 
paralyzed.     Because of the unusually long period elapsing between gassing 
and death he is classed as a recovery. 

The minimal lethal conoentration for 160 seconds is placed at 0.34 
milligram« per liter. 
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for 7 
Tiie data frou. v/hich the miniKcuai lethal cor.cui:tration 

minutes was derived are tabulated nerüwith: 

Dofe- Collapse 
l^wiber in seconds Conce^tratiou Result 

1359 450 0.154 iteo overed )l/2* 
1366 150 0.19 Died 5 days JAv.conc. 

)0.172 

1368 145 0,206 Died at exposure) 
1369 135 0.202 2eoovered )3/5* 
1367 140 o.a2 Died at exposure)Av.cone. 
1364 140 0.212 Died at e^osure)0.208 
1365 225 0.21 Beoovered ) 

135B 180 Ü.22 Died 4Ä- days ) 
1362 130 0.24 Died 36 hours )ö/5* 
1361 75 0.25 Died at exposure)AV.cone. 
1357 95 0.268 Died at exposure)0.251 
1363 120 0.28 pi^ at «xpos^re) 
*Ihe numerator indicates the number of deaths and denominator shows 
number of dou-s used. 

The minimal lethal concentration for 450 seconds is placed at 
0.208 milligrams per liter. 
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Conoen- 
trat ion 

Collapse 
in secpads 'to suit 

1.43 
1.94 

35 
43 

^eooverad 
Died 

The letht-l concent rut ion for asonicei'S lies totween 1.43 and 
1.94 milligrams per liter for oO seconds. 

0.723 
0.824 

50 
45 

60  iaJCOl.l) iuOiSU. 

llecovered 
Died 

The lethal concontratj-un for monlceys lies between 0.723 and 
0.624 milligrams per liter for 60 seconds. 

3 LKÜUTli II^üSUHü 

0.506 

0.663 
0.79 

80 

65 
80 

liaoovered. Mice 4/5; Ouinea pig 
roooyered; Dog died; 
Ifeohit died. 

Died 4 days 
Died 

The lethal concentration for monlceys lies betv/een 0,b06 and 
0.663 milligrams per liter for 160 seconds. 

7-2- IIII'lUTE Ki OSUlii: 

0.26 

0.268 
0.326 

190 

100 
120 

Itocovered.      Guinea pig recovered; 
Babbit diea. 

liaoovered.      Dog died. 
Died. 

The lethal conoentration for monkeys lies between 0.268 and 
0*326 milligrams per liter for 450 seconds. 
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mum 

Concentration 

10 3BÜ0IID KZQ-JUm* 

Ha suit 

2,35 3/5 

30 SAJOiD KiOüU^ 

0.466 0/5 

0.660 
0.805 
0.845 

2/5)  8/15 
3/5)   AV.GOIXJ. 
3/5)   0.77 

1.73 5/5 

Th.e minimal lethal concent rut ion for 30 seconds on mice is placed, 
at 0.77 milliGrania per liter. 

60 SiäGÜHD üX.ÜJUiUj 

0.422 
0.468 
0.503 
0.515 

0/5 
0/5 
2/5 
1/5 

1   3/30 
Av.cono. 
0.482 

0.541 
0.576 
0.584 

1/5 
5/5 
3/5 

9/15 
Av.cono. 
0,567 

0.673 
0.857 

5/5 
5/5 

15/15 
Av.oono. 

0.856 5/5 0.796 

Gassed with, rabbit and dog £L369. 
Both died at exposure. 
Guinea pig recovered. 

The minimal lethal concentration for 60 seconds on mice is placed 
at 0.567 milligrams per liter. 
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3 LlilU^ii ülüoU:^ 

0.£77 

0.337 
0.373 
0.393 

0.436 
0.506 

The minimal 
0.36? milligrtuns 

0.177 
0.1Ö1 
0,1927 
0.222 

0.24 
0.241 
0.246 

0.28 
0.338 

0/5 

2/5  )   10/15 
3/5 ) Av.cono. 
5/5  )  0.367        Gassed, with rttboit.    ilecov^red. 

4/5  )   8/10 
4/5 ) Av.cono. 

0.471       Gassed, with monicey and yiinea pig» 3e- 
oovored.    Dog and, rabbit died, at exposure. 

lethal conoentrutlon for 3 rainutea on mice ia placed at 
per liter. 

7-^ LailU^J Ä-i-0X.i2 

O/o ) 0/20 
0/5 ) Av.cono. 
0/5 ) 0.193 
0/5 ) 

2/5 ) 8/15 
2/5 ) Av.cono. 
4/5 ) 0.242 

4/5 )   9/10 Gassed with guinea pib and do^.    Former 
5/5 > Av.cono. recovered, do^ died. 

0.309 

The mlniual 
0.242 milligrams 

lethal concentration for 12 minutes on mice is placed at 
per liter. 

10 lauuTE jsnoa7^ 

0.08 
0.163 

0.177 
0.1953 
0.199 

0.203 
0.208 
0.24 

0.248 
0.256 
The minimal 

0.190 milligrams 

0/5 ) O/lO 
0/5 ) Av.oono. 0.121 

2/5  )  ll/l5 
5/5 ) Av.cono. 
4/5 )  0.190 

1/5  )   8/15 
3/5 ) Av.oono. 
4/5 )  0.217 

5/5 )   9/l0 
4/5  ) Av. cons. 0.252 

lethal concentration for 10 minutes on mice is placed at 
per liter. 
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Wl^&.rJtä. 

30 aijcü:."x> iüuouioi 

Concen- Collapse in 
tration seconds itesult 

l.öß oü ^covered 
£.05 45 iiACOvered 
£.11 50 iSecovöröd 
£.21 50 Recovered 
£.3& 45 iiscovered 
£.71 JO Died 
3.Ü4 30 Died 

The lethal concentratiün for 50 second, exposure on (j^i^ö^ pit's 
lies 'between 2.35 und £.71 milli^uüis per liter. 

60 SS^Ü.iD AtatuJU-Lci 

0.b57 55 
1.2 45 
1.5 40 
1.7Ö 47 

.iecovered.    Dog irlSüy died.    Llice 5/5. iiab'uit died« 
Becovered 
Hecovered 
Died 

Tue lethal concentration for 60 second exposm-e on juinea pi^s 
lies between 1.5 and 1.78 milligruuia per liter. 

3 mims E:ioju.£i 

0.506 not affected Hecovered. Gassed with dog 13Ö7. Died. -lab'cit died. 
0.75 75 liecovered 
0.80 05 Hecovered 
0.Q12 70 Died 
1.2 55 Died 

The lethal concentr;. tiun for 3 .'.unute exposure on guinea pigs is 
placed at 0,812 milligrams per liter.. 

Recovered, uonkey reoovured.      üabbit died. 
Ueoovered.    Dog 1363 died.      Llice 4/5. 
Hecovered.    ilabbit died. 
Recovered. 
Died 
Hied 

The lethal concentration for 7^ minute exj osure on guinea pigs 
lies between .322 and .38 milligrama per liter. 

U.ivO 

0.28 
coo 

not affected 
0.322 360 
0.38 not affected 
0.361 ao 
0.373 270 

-zx- 

M^^^M^aMMai mmmm^^^^ 



n 

30 ü^O.;D liLox;; 

Cone en-        Collapse in 
tration secoMs Result ,  

1.24 lieoovered 
1.72 oü Died 45 hours 
2,ui3 ü7 Died 
L.71 60 Died 
3.04 3ü Dieu 

The lethal concentration for 30 seconds on ru'ul)its lies between 1.^4 
and 1,72 milliryarns per liter. 

*o 3iiGo::D üiGäu-^ 

0.59 liscovered 
0,706        Did not fall        .Recovered 
0.713 "      "        " iiecovarea 
0.6b7 50 Died.      lace b/ö.    Guinea pif recoverea, Do^ 13b9 died. 

The lethal concentration for 60 seconds on rabbits lies between 
0.713 and 0.857 milligraias per liter. 

3 IXJJi'iJ KiuJUluJ 

0.393       Hot affected       iiecoyered.     Mice 5/5 
0.409 " ,, Heoovered 
0.422 " " Recovered 
0.506 95 Died.      liice 4/5.    Llonicey * »covered.    Dog 1367 died. 

Guinea pi^ reoovere- 
0.554 105 Diea 

The lethal concentration for 3 ciinutes on raubits lies betv/ean 
0.422 and 0.506 allligraias per liter. 

7-£ 1J.WE EÜ03UIS 

0.24 240 lieoovered.      Dog 1362 died. 
0,26 265 Died»      uoaicey recovered.    Guinea pi^, recovered. 
0,32 300 Died,      Guinea piö recovered. 

The lethal concentration for 7J-minutes on rabbits lies between 
0.24 and 0.26 miilierarae per liter. 
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30 SECOLD üLa.uaT?ji 

■4riimsl     Concentrdtion 
Collapse in 

seo or-ds lieault 

Rabbit 2.71 
Guinea pig 2.71 

Habtit 2.3£ 
Guinea piü 2.35 

i^abbit 3.04 
Guinea pig 3.04 

Babbit 1.72 
Lice 1.72 

60 
30 

57 
4t 

35 
30 

35 
35 

D* 

rtecoverod 

D 
D 

Died "iö iiours 
5/5 

Babbit 0.857 
Mce 0.857 
Guinea pig 0.857 
Dog 1369 0.857 

Morücey 0.824 
Dog 1390 0.824 
Canary 0.Ö44 
Dog 1394 0.844 

50 

55 
30 

45 
50 
10 
50 

D 
5/5 
lieoovered 
D 

D 
D 
D 
D 

3 MIHUTE S2E-0SÜHÜ 

Babbit 0.393 60 Beoovered 
Llioe 0.393 5/5 

Dog 1387 0.506 75 Died in 36 hours 
Guinea pig 0.506 not affected Beoovered 
Babbit 0.506 45 D 
liioe 0.506 50 4/5 
Monkey 0.506 80 Beoovered 

*D    indioates death within 10 minutes after exposure. 
i 
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Asim&l Concentration 
Collapse in 

seconds Result 

Babbit 
Dog 1362 

0.24 
0.24 

240 
130 

aecovered 
Died in 36 nours 

MonJcey 
Gulnaa pig 
Habbit 

0.26 
0.26 
0.26 

190 
300 
285 

Beoovered 
Recovered 
D 

ilonizey 
Dos 13Ö7 

0.266 
0.266 

100 
95 

Hecovered 
D 

Lioe 
Guinea piu 
Dog 1363 

0.28 
0.2Q 
0.28 

60 
not affected 

120 

4/5 
Recovered 
D 

Guinea pit, 
3abblt 

0.32 
0.32 

390 
300 

Heoovereu. 
D 
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A. Symptomatology. oll r izes t s to i n 
man a s fo l lows, "In the so-oalle po tor ; i .e., when very 
lar doses r t n , t tient y f ll unoonscious, otten wit 

loud cr , ithin ten d die within two to five minutes, 
atter aome convulai ns. rily, the course is rather more pro-
longed; aever 1 minutes y el se fter t aking t he oison before 
any effect is noticed; d th oocurs between fift een minutes to an 
hour . 

the aymptoca consist in vertigo, ment 1 dimness, h daohe, 
pal.pi tat ion; then apn , which y be very gre t trom atimul tion 
of the reapiratory center; the tient then becomes tot lly unoon
acioua and tal l a into Tiolent oonvulsi ns . Durin thia at t he 
heart y be tl quickened . The reapir tion becomes first diffi-
cul t t en c sea. T e heart t this time is very 1111ch weakened, 
but sti ll continues to be t f'o r anort t 1 nd then stops . 

the mort lity is very hi : 95 per cent. I! t he patient 
aurv1Tes an hour, recover is t e rule . It is otten followed by 
persistent hea ohe, tre rs, etc." 

In the do s ed by ua the s to 
during IXJ?Oturt: he do notioed t f'f1fl aeoonds, 

only a very sli t degree of' excitement . eak-
ness ensue , f'oll by sudden oollapse, the ani-
~:nl oryi or howl in w1 t h clenched jaws and re-
tract li s . :1: ia s rapidly f'ollowd by apaatio ralysis , 
first of' the hind quarter• am t en of' the whole bod.y, the ani 
a aum1 the position of' iathotonoa. General convulsions ere 
noted in rzy do • Involunt ry evacuation• of' urine and faeces 

ere t be rule. The 1113eoua melli:lranea were a bright pink. The 
respirations ceased rl depen4itlg on the concentration nd length 
of exposure . Prior t ceasing it 1 uaually of' a Cheyne-Stokes 
type, the doga takin an occ aionEJ. {Jt.lpi reapir t i on. I n soq 
of tbe ani la no r e spire.tion a noted atter the initial atop. 

11 tion nd vomiting occurred in a fn caaea, eapecially in doga 
lightly ~saed . 

~ he rt beat •• llow and feeble. The relation of' 
collapae to length of exposure and cono&llt~ tion is ahown in the 
to:dcity tablea. 
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Sympt s :tollowire . , .: .' ~ 

1, l)oga d.ving within an hour. hese ani ls 1 y i n a 
stupor on the flo or. A few minutes after remov 1 trom the cage 

ga in , inapirati n would be made, followed by a lon ause. 
Bespiration o:t the C.heynt- tokes type would then be eat bliahed 
which would become weaker and weaker the respir t i ons :tin ly 
ceasi , The rt continued to b t :tor ao minutes after 
respiration bad ce •• • 

,2, Doga recoyering leptdiately, These anim&.ls ahowed 
the typic 1 "reTerse poiaonin " o:t cyanide action. Afte r the 
tirat inapirah n they would paas thrOugh the atagea o:t C eyne-
Stokea rea ire.t1 on, :tollo y ra. 1 bre thi and a return 
to t he norn&l. The atupor o:t unconaciousneaa wa :tollowed by 
mild convulsions and twitchin of the limbs; .uccteded by a 
recovery o:t power in t e fore-qw>.r t era, the ani l dragging 
i tlel:t around by the tront le • Recovery would t hen be rapid, 
the ani l n t pa i throu t e at.a. of unat 1neas and 
we&JQleas. Vomitin often occurre t this oint. In two or 
three houra such do a :ppeared nor except for ali t weakness 
nd a tery diacnar trom the eyes. 

3, L&te DeAths. All o:t the claaaical descript i ons of 
cyanide poisoning in c aea not 1.mme i t ly 1atal, re:ter to the 
"1mDediate recovery", aD4 atate that no delayed ef:teota or 
d tha occurred. 

In our aeries ,.. :tound that there was an upper 1 t 
o:t low concentrations where all n1 la promptly rec overed and 
a lower lim1t o:t h1 ooncentrati ona in which ll a.n1Jials pr t-
ly died. However betwen these two limit • n intermedi te 
zone o:t comentrations, in which an n1 l m1 t die at on:e, 

e)lt recover completely, or m1 t liTe tor MVer 1 day only to 
die finally, ~heae latter cl.oga presented a picture that, so 
tar aa w know, baa DeVer be:tore been deacribed. ~e anime.la 
lay proat:ratt in the c gea, breat alowly, but uaual.ly lhow-
ine; no other ligna o:t li:te. !hey were apparently conacioua 
and in oertain inata.ncea whined and oried, but were Ull&ble to 
moTe. !hey were totally UD&ble to t t or drink eTen When water 
waa held in front o:t them. ln certain inat&Doea a contiDUOUa 
.wiDIDing or olawing 110i1on •• Dl&4t w1 th the tor~a probably 
oauaecl by irrUation ot the DerYe oentera. ~ .. anim&la un-
4oubtecll)' au:t:terecl from a pel"II&Dent iDJury to the Dene centers 
probabl;y o:t the lower bJ'ILin aZI4 oord. 

-26-



is injur have bee ue t o t · · fi action of 
the cyanide, t ou this is impro ble bee use if cyani e c used 
specific pe ent injury the prompt recoveries s o characteristic 
of o~i e oiaonin could hardly occur at 11 . he injur to 
the nerve centers ia more rob bly c use b the rolon d de ri-
vation of o~gen. tmil effects fo llo c r on monoxide oison-

' and as Hal ne , ".Anoxaemi not only sto s the maohiner J, 
but wrec the DBChine"• It is robabl t t the nerve centers 
suffered true de tive c a uri · thei r de rivation of 
O'Jl:S n thou t o e nstr te uoh c n s by 
ordinary patholo 

B. Patholoey. ent -two of the do in after ex-
posure to ~drooyanic aoi gas were studied with re~rd to the 

tholo c 1 lesions roauoe • In this re ort the do are 
grouped aocor 1 to t he time of th in rel t i on to the exposure: 
Group I includes those ~ at t.he time of oaure, and Grou: II 
those which aurvive the but die aubaequently at intervals 
v yin tro 6 hours •· P'indin · are re orted re~rdless 
of oonoent t i n osure . 

Group I; Dogs m ns a n ipgdiate reault of the etg?osure• 

here are three do in this gro • ternal l y no 
c a could be seen. Int mall the most noticeable gross 
finding a n exoe a1 ve peric rdial eftuaion Whic in one c se 

blood tinged. On t rt of one o there were a number 
of petechi 1 hemorrha c eaa extendin but Short distance into 
the muscle . The jority of these area ere l n the uriculo-
Tentrtcular 1uloua. ar r one a also found t the pex . 

n the re~rpirator q1te a exam! tlle mwso of the larynx 
and trachea a found to be nol"'lal . In one c ae t he lumen of tbe 
trachea •• tilled f' ith froth. The lun of this og were bright 
pink in color nd Tier an4 firmer than nol'm&ll. croacopio 
exam1 t ion reve led an extensive pulmonary edema, which in places 
hid tbe lun tram.work. There s alao a •rked congest i on and 
oonaide ble hemorr.bage. , blood ~ssel ere aurrounded by 
wide rings of eclematoua tissue• am ma.ny I'ODOhi were tilled w1 th 
edema fluid. ~ JIIQCOaa of one large bronohua a pea.red nollen. 

Of tbe lwn ot tale other two do of this group one pair 
grossly ap re4 DO l While tbe other was bri t pink in color 
8Zld slightly hea'fier &l14 1••• el.a•t1c than normal. JUaroaoOpically 
the former ahond a Te17 little ao ttered atelectasis only, While the 

-27-



1 tter showe irre 
:found hemorrha. 

lls were inJecte 
There s also so e 

ly disten ed a l veoli in some of mich were 
edema fluid. The capillaries of the alveolar 

and all blood ve ssels were fill ed n th blood. 
tchy atelectasis. 

Groqp I I: Doge <lving !rom 6 h urs to 20 cia.ys fte r e;;posu,rg • 

T is grou inolu ' es nineteen do • The earliest de ths 
were t 6 hours am the latest 1 s a:t'ter exposure. The do 
Which survived the lon r period were poorly nouris e • Other-
wise no unusual external oh a ere noted. ine do s in thi s 
grou showed marke peric<:. rdi e f fUs ions am in one o aso i tes 

s noted. In do unolotted blood almost black in color s 
found in t h rt; in two ther a a ali t dil tat ion of the 
ri · t ventricl e. These condi t i ona ere fo\Dld in dea. ths :t'ter 
:30 hour • ior to th1 time the heart peare nor!IJll • In 
the earlie foun in the muoos of the 
1 rynx • w. ic h died t 6 hours one 
had lun nd oroscopio lly showed 
only a The other do had lun&"S 
Which were ri i nk in color, heavier and more voluminous t n 
normal. nd microsco ia examination shOwed some congest ion, hemorrba , 
a little edema, an numerou 1 10 ttered reas of p rtial atelec
tasis. In some of the s 11 bronchi there as n exu te consisting 
of deaquamat epithelial oells mixed lith mu.ous . In dogs dying at 
12 hours or later the lun a ere co ested an edematous grossly . 
··croscopioe.l.ly these findin were conti e d in additi on peri-

w.acular ed , some little hemorr in the alveoli, atolect sis, 
and acute eiC,pbys were note • Three c aes of bronoho neumonia 
were found in do dyin a:t'ter 24 hours . lU.crosco ic stu<cy showed 
purulent bronchitis s oci ted in these pnewnoniaa . The e was one 
aaae Of bronc iolitia n two c es in ioh fairly extensive 
bemorl"ha s found in the rge bronchi . Congestion, hemorrila , 
some ed , 10 ttere atelect sis, and. cute empeyse . were re 1 rly 
foWld in deaths atter 24 hours. In one case there s a peribron-
chit is inTolVi bronchi of all aise and in twenty-five er cent of 
t e oases in the bronchi, e8peo1ally the small on s , there was an 
erudate o ose of des~ted alveol r e 1tbel1al cella, cellular 
debris, mucus and aomet1 s a little fibrin. 

The lar at percentage of ogs in both groups showed con
gestion of the liTer am of the kidneys both grossly alld m1oroacop-
1o lly and a norml oondi tion of the other abdominal organs. 
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Sections were t£u:on frou the motor areas,   from t^e 
medulla,  and at varylnt, levels thxouja the  sijinul cords of a nur.ier 
of dogs dylnc at varying intervals afttir eiqoosure.      The hematoxylin- 
eosin stained preparations of these areas shewed nothing noteworthy. 
The gross exarnination of the "orain and cords of these dogs nad shown 
a slight enbOrgement of the sinuses. 

Äi.      po^s dyin;: aoutel.v.   (Three do^s.l 

1.    Pericardlal effusion vjas  found in one dog. 
<-.    The punctiform hemorrhag-es referred to in the 

literature on cyanide poisoning v/ere  found in only one of three 
oases. 

«i.    Grossly tue lungs showed an abnoruilly briyit 
pinic color, 

4«    It is well known that there are few laar.ced patno- 
logical ciianges after sudien death from hydrocyanic acid.      The 
marked pulmonary  edema found in one of those dogs was evidently 
adventitious,  and we are quite at a loss to ezplain why it  should 
Lave occurred. 

i 1 

B.    por;s d.Yinh- from 6 hours to isiO days. 

1,    Perio;'rlial effusion was  found in 50^ of the 
dogs autopsied*      In alx animals autopsled after exposure to other 
gases pericardial effusion has teen almost unknOTm. 

2*    Histologically the findings of note in the lungs 
were as follows ir the order of their importance   (based on the sever- 
ity of the lesion    and the constancy  of its appearance):     (a) conges- 
tion,   (t) edema, and (o) the presence in the small bronchi of an   exu- 
date of cellular debris, mixed with mucus and fibrin. 

3.    The pulmonary changes in these dogs my be explain- 
ed partly as hypostatic congestion occurring in paralyzed animals.    But 
it is also probable that bydrocyanic acid produces a specific congestion 
of the lungs in any animls that live long enough to develop it.   Hydro- 
cyanic acid is a general protoplasmic poison and it is quite possible 
that it thus causes the death of many cells in the bronchi and alveoli 
which must have been saturated with the poison.      Naturally these necrotio 
cells would be slou^ied off in animals surviving the exposure for several 
days, and the irritation would be followed by a certain degree of con- 
gestion and even some pulmonary edema. 
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^ study Wua i-^da to deteruiiie the relatiuü tetv/een the 
weiaiit of tha liu:^8 ao" that of the om^ty heurt i» order to ti'et an 
idea as to the fluid or cellular content of the lungs.      The nomal 
ratio ia approxijutttely ljl«5.      In this series of uo^s the average 
ratio for Group I  ia 1:1.63,  for Group II 1:1.82.      The increase 
over the averace as found in Group II was due in all probability 
to the congestion and pneuaouia present in the lur-os of tiie dOi_,s 
of this ijroup. 

Doj^JJuiaber 

SMS I 

Weimt of lungs Wei/öit of heart      Index of gdeffa 

1456 
1455 
1454 

1S3 
147 
125 

70 
75 

120 

1.90 
1.96 
1.04 

Av. 1.63 

m* 11 
1450 45 30 
1449 140 74 
1412 173 72 
1387 85 37 
1362 270 90 
1437 132 96 
1417 255 115 
1435 228 116 
1448 32 22 
1446 54 32 
1438 — — 

1392 A 152 80 
1433 — — 

1375 A 110 61 
1359 A 91 43 
1358 190 92 
136C 250 170 
1424 155 93 
1381 50 39 
1428 130 102 

1.50 
1.89 
2.40 
2.30 
3.00 
1.37 
2.13 
1.90 
1.4b 
1.70 

1.90 

1.8 
2.1 
2,00 
1.47 
1.55 
1.28 
1.27 

Av. 1.82 
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um w pa^tf. 

SOR Iftim-ber Time, of peatb after ex-oosure. 

1456 
1455 
1454 
1450 
1449 
1412 
1567 
1362 
1437 
1435 
1417 
1448 
1446 
1359 
1375 
1392 
1433 
1358 
1366 
1381 
1424 
1428 

ImaecLiatal 
ti 

2 Limites 
6 Hours 
6 ii 

12 it 

30 it 

36 II 

42 II 

48 II 

60 it 

3 Days 
3 it 

4 II 

4 it 

4 it 

4 it 

5 M 

5 II 

8 It 

8 II 

20 It 
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YII, Discuss ion of .Amerio n, Bri tish a.nd German Toxic ity Figures . 

A· Owing to clifter ences in me thods , length of exposure 
and variations in numbers and k111d& of animals used a direct oomp r
ison of our figures with the Br itish and Gernnn figures is difficult. 
An exami tion of t e fol lowin t a ble shows however that our figures 
are consistently lower than the Britiah. This is probabl y due to 
the fact t hat our ssin chamber p rovides instantaneous exposure . 

3 udn. 1.2 mg/1 • 1 / 2 
6 ~n. 0.6 " = 0/2 

30 aeo. 1 . 2 
1 min. o. 0 
3 ~n. 0 .40 

10 ~n. 0.24 

/1 • 0/2 
II a 2/2 
It &: 2/2 
It • 2/3 

1 ~n. 1.2 /1 • 2/2 
3 min. 0.60 " • 3/4. 
7 min . 0.48 " • 1/2 

eth,a.l points 

llonkeys 

Dogs 

bbits 

idlNwOod Arsenal 

Between 0.506 and 0.663 mg/1 
7 ~n. Between 0.268 and 0.326 mg/1. 

1.49 
0. 67 
0 ., 34 
7•2 min. 0.208 

between 1.24 and 1.72 mg/1 
" 0.422 It 0 . 506 " 

0.24. " 0.26 11 

B. The experiment to 11hioh Professor Barcroft submit ted 
himaelf, and in which be .ucoesatull~ 1ithstood a concentration of 
1-2000 (0.603 mg/1) can be questioned on the fol l owing grounds: 

1. It is not stated nether the dog died or not. 
2. Our results show a wide 'ftriation in the individual resis

twJce of dogs. The one dog uaed in this experiment may have been a 
sueoept1ble azW:zal. 

3. J. oomantration a t• hundrecltha ot a milligram higher, or 
an A:poaure ot a tn more aecond.a might have autt1oe4 to render Professor 
Bal'orott a oaaa&lt7 as he alrea4_y te1t al1E!Jlt DaUsea and iD&bility to 
oomentrate. 
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4. The German figures sbm that the toxicity figu1·e s for various 
animals such as the monkey, dog and ca t are very close to each other. 
he British, basing their view on the experiments detailed above,state 

that there is a wide divergence i n the toxicity of hyd.rocy nio acid ~s 
for dif"terent a:pecies. Our work shows that while this is tl""Ue to a 
limited degree on Short exposures, the graphs for different apeoies 
approach each other arui in some oases after lon r exposure, actually 
merge. Even at short exposures the most resistant ani 1, the guinea 
pig, was on1y slightly more resistant t · an the genere.l group . 

c. That there is per-manently ineffective conoentr t i on of 
eydrooyanic acid is probably true, lyi around 0.03 mg/1. But l o 
exposures to even smaller concentrat i ons \Wuld undoubtedl produce the 
symptoms note ' in ~otory workers of dizziness nd fronta l headache. 

D. A review of our f"igures shows that t he time of collapse 
varies greatly and in many oases bears no direct relationship to the 
tata l or non-tata l outcome of the ssing. A oonoentra.tion of 2.0 mg/1 
always caused dogs to collapse in less than 35 aeoonds. i'.l.u.ey fOund 
that a. concentra tion of 1.0 m /1 caused collapse in cats in from 40 to 
70 seconds. It is ot interest to note in our 30 second series t het 
all of the do except two collapsed aftel' the a was removed. In 
this connect ion it could easily occur that a man after bre thi a 
hiSh concentration mi@lt die after maSlcing. 

• The table of ".A.ni.nla.ls ga.sae together" oonf'1rms the 
grapns of relative susceptibility of species bot 1 in tim of collap se 
and in after results. 

VIII . Colli>arisop with Phosgene. 

By consulting t he curves submitte it will be seen that 
~rocyanic acid is about ten times as effective as phosgene for 30 
second exposures. But it must be borne in mind the.t hydrocyanic acid 
produces but tew it ~ symptoma until a lethal concentration is reach
ed, Whereas phosgene possesses the power oi' producing casualties at 
concentrations considerably below lethal. 



In order to DBke a comparison of the lethc:.l concentration of hydrocy
anic acid for shor t exposures w1 th phos ne the tollowi experiment was made . 
Three do , ere exposed in the aa.me ga si che.mber to a concentra t i on of 4 . 3 
mg/1 for 30 seconds . They were then removed, their symptoms noted and haemo
globin determinations made to determine the egree of pulmonary e ' ema caused . 
~ne results, t abulated below show that a concentration of • mg/1 killed one 
dog and the DIEI.rked decrease in haemoglobin i mnedia.t ly tollorln ga.ssin · indi
cates i nJury t o the lun of the others • 

W05URE ?() SECO@S . • 3. Tit® OF GASSI NG 8 .17 A.M. ll- 16- 23 . 

Dog 1432 A· 11- 15-23 Normal 81 per cent 
11- 16-23 8.50 A. ll, 73 It II This dog vomited at 8 . 39 

10 . 15 A· 72 It It A • ' Became restles s with • • 
11 , 20 A. • 7l II II labored respirat i on at 12 u. 

1 . 30 84. " tt when gums were blue and eye.-
. 30 4 11 It notic. It died of pulmonary 
. 30 • 82 !.' II edema during the ni(#lt . 

4.40 84 II II 

Dog 1413 • 11- 15-23 Normal 61 per cent 
11- 16-23 8 , 40 A. ll. 4 " It This dog fell dovn1 in the 

10, 00 At l i . 50 II It c hamber 15 seconds after phos-
11 . 10 A, , • 49 It n gene was turned on , lio tur-

1 , 25 P, ·, 50 II It ther symptoms occurred and 
2. 25 P~Il. 50 II II next day the do was apparent-
3 . 25 . ,. ,.. 49 II II ly normal . The dog lived . 
4 . 30 50 It It • • -

11- l':'- 23 9 . 30 A. li. 54 II II 

Dog 1416 ..1 . 11-15-23 Normal 72 per cent 
ll- 16-23 8 .45 A. • 59 II " 10,05 A. • 60 II " ~a dog was restless at 

11 .15 60 " tt f irst when removed from the 
58 II n chamber, but the r eafter 
57 It It appear ed normal, The dog 
61 It lived. 
62 " ~ 

11-17- 23 64 '.! II 
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Three more dogs were expo sed to a conoentr tion of 
3.93 mg/1 of phOsgene !or 30 seconds. These three dogs showed 
a sli~t rise of temperature followin ~ssin , n iDCrease in 
pulse rate a d respiratory r ate. Twenty-four hours later they 
appeared normal, and were killed by inject ion of maC:;Uesium sul
phate in the he rt. t post mortem, the first do showe mark
ed pulmonary ed61tla sc ttered through all lobes o! tbe lungs, the 
heart lun ratio l to 3.1 or nearly twice the normal. The 
second dog showed one amall area of conge tion and edema in the 
right middle lobe, the he rt lun-- rat io being 1 to 1.32 or 
about normal. The third do was normal. 

These dogs were very active before gas sing and very 
quiet atterwa1-d.s. It is impossible to say just what degree of 
injury i ll make casualties o! men, because individuals differ 
so remarkably in OQUrb. , will power and desire to oe.rry on. 
However it is believed t t ah.ould aey number of men be affeote 
to the extent that these do were, a oart a in percentage of 
ca sualties would be prodwe • From the tactical point of view, 
a casualty is of more advanta than a d.ea.th. The casualty is 
out of action a nd in addition requires severa l men to care for 
him. 

On the other band is the undoubted moral effect pro
duced on the eneDzy by the terror and unoertain+;y produced by a 
lethal gas of the properties of hydrocyanic acid. It woulu n t 
be necessary to use this ~s often in order to produce this moral 
effect, for the enqr could never be certain when t he next attack 
would come. It is also possible that hydrocyanic acid would pro-

:u.ce deathS even after the ask was ap lied if a sufficient concen
tration w.as inhaled prior to maBkin • At 30 second exposures the 
majority of the do died after the f!JaS was shut off. On the 
other hand a concentration of 4.m 1. of phosgene would undoubtedly 
be quite irrit ting and. Dlln would ask promJtly, so that casual t ies 
might not occur. Por these reasons it apPears that there is a 
real place for ~rooyanic acid in the list of chemical warfare 
agents, provided ita pbrsi al peculiarities perDdt of its use. 
With this &lll>sct of the case this report cannot deal. 
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